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Abstract—This paper aims to realize a new multiple access
technique based on recently proposed millimeter-wave reconfig-
urable antenna architectures. To this end, first we show that in-
tegration of the existing reconfigurable antenna systems with the
well-known non-orthogonal multiple access (NOMA) technique
causes a significant degradation in sum rate due to the inevitable
power division in reconfigurable antennas. To circumvent this
fundamental limit, a new multiple access technique is proposed.
The technique which is called reconfigurable antenna multiple
access (RAMA) transmits only each user’s intended signal at
the same time/frequency/code, which makes RAMA an inter-user
interference-free technique. Two different cases are considered,
i.e., RAMA with partial and full channel state information (CSI).
In the first case, CSI is not required and only the direction
of arrival for a specific user is used. Our analytical results
indicate that with partial CSI and for symmetric channels,
RAMA outperforms NOMA in terms of sum rate. Further, the
analytical result indicates that RAMA for asymmetric channels
achieves better sum rate than NOMA when less power is assigned
to users that experience better channel quality. In the second
case, RAMA with full CSI allocates optimal power to each user
which leads to higher achievable rates compared to NOMA
for both symmetric and asymmetric channels. The numerical
computations demonstrate the analytical findings.

I. INTRODUCTION

The rapid growth of global mobile data traffic is expected

to be satisfied by exploiting a plethora of new technologies,

deemed as 5th generation (5G) networks. To meet this demand,

millimeter-wave (mmWave) communications operating in the

30− 300 GHz range is emerging as one of the most promis-

ing solutions [1]. The existence of a large communication

bandwidth at mmWave frequencies represents the potential for

significant throughput gains. Indeed, the shorter wavelengths

at the mmWave band allow for the deployment of a large

number of antenna elements in a small area, which enables

mmWave systems to potentially support more higher degrees

of beamforming gain and multiplexing [1]. However, signifi-

cant path loss, channel sparsity, and hardware limitations are

major obstacles for the deployment of mmWave systems. In

order to address these obstacles, several mmWave systems

have been proposed to date [2]–[4].

An analog beamforming mmWave system is designed in [2]

which uses one radio frequency (RF) chain and can support

only one data stream. Subsequent work considers a hybrid

beamforming mmWave system to transmit multiple streams
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by exploiting several RF chains [3]. In [4], the concept of

beamspace multi-input multi-output (MIMO) is introduced

where several RF chains are connected to a lens antenna array

via switches. In addition to these systems, non-orthogonal

multiple access (NOMA) has been also considered as another

promising enabling technique for 5G to enhance spectral

efficiency in multi-user scenarios [5], [6]. Unlike orthogonal

multiple access (OMA) techniques that are realized in time,

frequency, or code domain, NOMA is realized in the power

domain [7]. In fact, NOMA performs superposition coding

(SC) in the power domain at the transmitter. Subsequently,

successive interference cancellation (SIC) is applied at the

receiver [8], [9].

In order to serve more users in 5G wireless commu-

nications, recently, the integration of NOMA in mmWave

systems, i.e., mmWave-NOMA, has been studied [10]–[14].

The work in [10] designs a random beamforming technique

for mmWave-NOMA systems. The base station (BS) randomly

radiates a directional beam toward paired users. In [11], it

is shown that mismatch between the users’ channel vector

and finite resolution analog beamforming1 simplifies utilizing

NOMA in mmWave-MIMO systems. The work in [12], pro-

poses the combination of beamspace MIMO and NOMA, to

ensure more users can be served with a limited number of RF

chains. As a result, the number of served users is more than the

number of RF chains [12]. In [13], NOMA is studied for hy-

brid mmWave-MIMO systems. A power allocation algorithm

has been provided in order to maximize energy efficiency.

Newly, a joint power allocation and beamforming algorithm

for NOMA in the analog mmWave systems has been proposed

in [14]. Although the works [10]–[14] have all resulted in

maximizing bandwidth efficiency, this gain has come at the

costs of higher complexity at the receiver and the use of

multiple RF chains or one RF chain along with a large number

of phase shifters and power amplifiers which can be costly at

mmWave frequencies. Hence, in contrast to the prior works,

here, we will propose a new multiple access scheme that takes

advantage of reconfigurable antennas to outperform NOMA,

while at the same requiring one RF chain at the transmitter

and simple receiver structure.

Recently, there has been a new class of reconfigurable

antennas that can support the transmission of multiple ra-

diation beams with one RF chain [15], [16]. The unique

1Finite resolution analog beamforming is due to the use of a finite number
of phase shifters.
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is directional in mmWave bands, each user receives only its

intended signal as
{

z1 =
√
0.5ps1h1 + n1,

z2 =
√
0.5ps2h2 + n2.

(9)

It is noteworthy that, here, we assume that there is no

interference that is imposed from the signal intended for User

1 on User 2 and vice versa. This assumption is very well

justified since the structure of the proposed lens based slotted

reconfigurable antenna results in very directional beams with

very limited sidelobes. Moreover, due to significant pathloss

and shadowing at mmWave frequencies we do not expect the

signals from the sidelobes to reach the unintended user2. We

also highlight that in contrast to NOMA, full CSI and the

SIC process are not required at the receiver. Furthermore, in

RAMA power allocation and power division carry the same

concept, such that the routed power for TSA 1 (or 2) is the

same as the allocated power for User 1 (or 2).

The achievable rate of RAMA for each user under equal

power allocation is obtained as






RR,I
1 = log2(1 +

p|h1|
2

2σ2

1

),

RR,I
2 = log2(1 +

p|h2|
2

2σ2

2

).
(10)

Let us denote RAMA with partial CSI by RAMA-I. It is

valuable to compare the sum rate of NOMA and RAMA-I. To

this end, we consider two extreme cases as follows. By defini-

tion, sum rate for NOMA and RAMA-I are RN
sum = RN

1 +RN
2

and RR,I
sum = RR,I

1 + RR,I
2 , respectively, where RN

1 and RN
2

are defined in (3) and RR,I
1 and RR,I

2 are defined in (10).

Case I: p|h1|2/σ2
1 = p|h2|2/σ2

2 . In his paper is case is

called symmetric channel [5]. That is, the two users have the

same SNR. In this case, RAMA-I always achieves higher sum

rate than NOMA.

To show this, we calculate the sum rate for NOMA and

RAMA. For NOMA, the sum rate can be calculated as

RN
sum = log2

(

1 +
p1|h1|2
σ2
1

)

+ log2
(

1 +
p2|h2|2/σ2

2

p1|h2|2/σ2
2 + 1

)

(a)
= log2

(

(

1 +
p1|h1|2
σ2
1

)(

1 +
p2|h2|2/σ2

2

p1|h2|2/σ2
2 + 1

)

)

= log2
(

1 +
p1|h1|2
σ2
1

+
p2|h2|2
σ2
2

)

(b)
= log2

(

1 +
p|h|2
σ2

)

. (11)

The (a) follows from log2a + log2b = log2ab and the (b)
follows the assumption that |h|2/σ2 = |h1|2/σ2

1 = |h2|2/σ2
2

and p1 + p2 = p.

Also, for RAMA-I, we follow the same steps as in NOMA.

Hence, it is obtained as

RR,I
sum = log2

(

1 +
p|h|2
σ2

+
p2|h|4
4σ4

)

. (12)

Since p2|h|4/4σ4 > 0, it gives RN
sum ≤ RR,I

sum .

2Detail analysis of the impact of sidelobes on inter-user interference in
RAMA is subject of future research.

Case II: p|h1|2/σ2
1 ≥ p|h2|2/σ2

2 . Here, this case is called

asymmetric channel [5]. That is, we assume that the channel

gain for User 1 is stronger than User 2. It can be shown that

for asymmetric channels, RAMA-I achieves higher sum rate

than NOMA when the power isproperly allocated for Users 1

and 23. To proof this claim, we have

RN
sum = log2(1 +

p1|h1|2
σ2
1

) + log2(1 +
p2|h2|2/σ2

2

p1|h2|2/σ2
2 + 1

)

(a)
= log2

(

(1 +
p1|h1|2
σ2
1

)(1 +
p2|h2|2/σ2

2

p1|h2|2/σ2
2 + 1

)
)

(b)

≤ log2
(

(1 +
p1|h1|2
σ2
1

)(1 +
p2|h2|2
σ2
2

)
)

, (13)

where p1 and p2 are allocated power for Users 1 and 2, re-

spectively. Also, the (a) follows from log2a+ log2b = log2ab,
and the (b) is a result of p1|h2|2/σ2

2 > 0 . Using (13) and

(10), the inequality RN
sum ≤ RR,I

sum holds when the following

condition follows

(1 +
p1|h1|2
σ2
1

)(1 +
p2|h2|2
σ2
2

) ≤ (1 +
p|h1|2
2σ2

1

)(1 +
p|h2|2
2σ2

2

).

(14)

Obviously, for p1/p ∈ (0, 0.5] the inequality holds which

indicates that User 1 should have lower power than User

2. Although this range is not tight, it gives a considerable

insight. This result implies that with proper power allocation in

NOMA, RAMA-I attains higher sum rate. However, RAMA-I

may not achieve user fairness when channel gain of one of

the users is significantly greater than that of other user. In this

case, the allocated power for user with strong channel gain

should be far less than other user and equal power allocation

would not lead to user fairness.

B. RAMA with full CSI

Assume that full CSI is available at the BS. Furthermore, the

BS can unequally allocate the power between two users. For

signals s1 and s2 that are chosen from a QAM constellation

and E[|si|2] = 1, the relationship between two arbitrary signals

selected from the constellation is given by

s2 = s1s̄e
j∆θ (15)

where s̄ denotes |s2|/|s1|. For RAMA with full CSI, the

transmitted signal is defined as

x =
√

p′s1 ≡ (
√

p1 + p2s̄2)s1, (16)

which obviously has the same average power as the signal in

(1). It is assumed that p1 and p2 are the allocated power for

User 1 and User 2, respectively. For simplicity, we consider

that our power allocation strategy is exactly the same as

NOMA. Fig. 3 depicts the schematic of the reconfigurable

antenna for the RAMA. The phase detector and s̄ calculator

blocks calculate ej∆θ and s̄, respectively. The beam selection

network first selects two suitable TSA feeds, TSA 1 and TSA

2 which are highlighted with black color in Fig. 3, based on

3To achieve user fairness in NOMA, when |h1|2/σ2

1
≥ |h2|2/σ2

2
we have

p1 ≤ p2 [5].
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Fig. 5. Achievable rate region of user 1 and 2 for (a) symmetric channel
with p|hi|

2/σ2

i
= 15 dB for i = 1, 2 and (b) asymmetric channel with

p|h1|2/σ2

1
= 30 dB and p|h2|2/σ2

2
= 0 dB.

condition NOMA does not consider user fairness. In contrast,

equal power is allocated for the users in RAMA-I and they

cannot exploit maximum sum rate.

Figure 5 shows achievable rate region of two users for

OMA, NOMA, and RAMA-II. OMA in downlink transmission

is assumed to be implemented by OFDMA technique where

RO
1 = βlog2(1 + p1|h1|2/βσ2

1) and RO
2 = (1 − β)log2(1 +

p2|h2|2/(1−β)σ2
2) are achievable rate for Users 1 and 2 with

the bandwidth of β Hz assigned to User 1 and (1 − β) Hz

assigned to User 2 [5].

In Fig. 5.(a), channel is assumed to be symmetric where its

gain is set to p|hi|2/σ2
i = 15 dB for i = 1, 2. The achievable

rate region for OMA and NOMA are identical. The region

for RAMA-II is much wider than that for OMA and NOMA

because RAMA-II neither suffers from inter-user interference

nor divides the bandwidth among users. For instance, when

User 2 achieves rate 2.5 bits/s/Hz, achievable rate of User 1

for RAMA-II with channel gain information is approximately

twice higher than that for OMA and NOMA. Notice that when

total power is allocated to either user, all three techniques are

able to achieve maximum rate for that user.

The achievable sum rate of asymmetric channel for

p|h1|2/σ2
1 = 30 dB and p|h2|2/σ2

2 = 0 dB has been

represented in Fig. 5.(b). From the figure it is clear that for

OMA, NOMA and RAMA-II only User 1 achieves maximum

sum rate when whole power is allocated to that user. However,

NOMA achieves wider rate region than OMA as expected.

Interestingly, the achievable rate region for RAMA-II is greater

than NOMA. As an example, when we want that User 1

to achieve 8 bits/s/Hz, User 1 can reach 0.68 bits/s/Hz and

0.8 bits/s/Hz with NOMA and RAMA-II, respectively. This is

because the achievable rate of User 2 in NOMA is affected by

the interference term from User 1 due to using superposition

coding at transmitter and SIC process at receiver. Whereas, in

RAMA-II, User 1 does not impart interference on User 2. In

other words, the gap between NOMA and RAMA-II reflects

the impact of inter-user interference on NOMA.

V. CONCLUSION

In this paper, we propose a new multiple access technique

for mmWave reconfigurable antennas in order to simultane-

ously support two users by using a single BS in downlink.

First, we show that NOMA is not suitable technique for

serving the users for the reconfigurable antenna systems. Then,

by wisely using the properties of reconfigurable antennas, a

novel multiple access technique called RAMA is designed

by assuming partial CSI and full CSI. The proposed RAMA

provides mmWave reconfigurable antenna system with an

inter-user interference-free user serving. That is, the users with

higher allocated power do not required to decode signals of

other users. It is shown that for symmetric channels RAMA-

I outperforms NOMA for an arbitrary p1 in terms of sum

rate. Also, for asymmetric channels RAMA-I demonstrates

better sum rate performance if approximately more than half

of the power is allocated to User 2. Further, RAMA-II always

achieves higher sum rate than NOMA. Numerical computa-

tions support our analytical investigations.
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